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A  PHOTOELECTRON  MODEL  FOR  THE  RAPID  COMPUTATION  OF 
ATMOSPHERIC  EXCITATION  RATES 

I.  INTRODUCTION 

Recently,  experiments  flown  on  rockets  and  satellites  have  delivered 
high  quality  far  and  extreme  ultraviolet  spectra  of  the  Ionospheric  dayglow 
(Gentleu  et  al.,  1979;  Meier  et  al.,  1980;  Anderson  et  al.,  1980a,  b; 
Huffman  et  al.,  1980;  Feldman  et  al. ,  1981;  Gentleu  et  al. ,  1981).  Since 
many  of  the  spectral  features  between  500  and  2000  A  are  produced  by 
photoelectron  impact  excitation,  dissociation,  and  ionization,  there  is  a 
need  for  a  model  which  can  rapidly  provide  the  steady  state  photoelectron 
energy  spectrum  to  be  used  for  the  computation  of  excitation  rates.  While 
a  number  of  photoelectron  models  are  already  in  existence,  they  are  not 
typically  suited  to  computation  of  excitation  rates  under  a  variety  of 
atmospheric  and  solar  conditions  because  of  long  computer  times. 

The  model  we  have  developed  Ignores  photoelectron  transport  (a  valid 
approximation  up  to  at  least  300  km).  The  code  allows  selection  of  any  one 
of  the  five  solar  spectra  given  by  Torr  et  al.  (1979),  an  atmospheric 
model  from  Jacchla  (1971  or  1977),  and  the  solar  zenith  angle.  The  output 
is  the  photoelectron  flux  vs.  energy  and  excitation  rates  for  26  states  of 
N2,  13  states  of  O2 ,  and  7  states  of  0,  including  selected  other  rates 
for  N,  N"^,  and  0"^,  all  as  functions  of  altitude  from  100  -  450  km.  The 
total  computation  time  for  a  complete  altitude  profile  on  the  NRL  Texas 
Instrument  ASC  is  about  7  sec. 

II.  DESCRIPTION  OF  THE  PHOTOELECTRON  CODE 

The  photoelectron  code  solves  for  the  steady-state  photoelectron  flux 
and  associated  excitation  and  ionization  rates  in  the  local  approximation; 
that  is,  transport  is  Ignored.  Insignificant  error  in  altitude  profiles  of 
emission  rates  occurs  as  a  result  of  this  approximation.  This  is  due  to 
the  softness  of  the  photoelectron  spectrum,  which  leads  to  mostly  local 
energy  deposition  of  electrons. 

The  code  (commonly  referred  to  as  PEGFAC  as  an  acronym  for  £hoto- 
electron  g-f actors)  is  actually  a  set  of  three  codes.  Figure  1  shows  their 
functions  in  terms  of  input  and  output  information.  We  label  the  codes  by 
the  following  names: 

1)  SOURCE 

2)  MATRIX 

_  3)  FLUX 

Manufcript  approved  November  17, 1982. 
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The  calculation  begins  with  code  SOURCE.  The  code  sets  up  a  model  atmosphere 
(Jacchla,  1971  or  1977)  which  Is  used  to  attenuate  the  selected  solar  flux 
and  specify  the  photoelectron  source  spectrum.  The  source  spectrum  is 
obtained  from  several  hundred  km  down  to  about  100  km.  At  each  point  on 
the  chosen  altitude  grid,  integrations  over  energy,  hv,  are  performed. 

Each  Integrand  is  Che  product  of  the  attenuated  solar  spectrum,  a  partial 
photolonlzatlon  cross  section,  and  density  of  the  ionizing  species.  The 
numbers  of  ion  states  considered  for  N2,  O2,  and  0  are  5,  10,  and  5, 
respectively. 

For  a  given  run,  SOURCE  uses  one  of  five  available  solar  spectra. 

These  come  from  Torr  et  al.  (1979)  and  are  used  to  represent  the  spectrum 
under  various  solar  activity  conditions.  At  short  wavelengths  (below  200  A), 
their  band  averaged  flux  values  have  been  replaced  by  a  set  of  fluxes  for 
lines  spanning  the  wavelength  range  7.5  A  to  190  A  (Donnelly  and  Pope,  1973). 
A  scaling  factor  allows  for  an  overall  magnitude  change  in  this  set  of 
values  from  run  to  run. 

The  outputs  from  code  SOURCE  are  S(z,E),  the  photoelectron  source 
spectrum,  the  model  atmosphere  (n(N2),  0(02),  n(0),  and  T  vs.  altitude  z), 
and  the  energy  grid  needed  to  specify  S  as  well  as  flux  (}>. 

Code  MATRIX  provides  the  energy  loss  matrix  needed  to  solve  for  the 
photoelectron  flux.  The  starting  integral  equation  is 

0  =  ^2)  a^(E)<J(z,E)  +L^n^(z)23j*  a  .^(E '  ,E)  Mz,E  ’  )dE ' 


+  Op  [Lp(E).J(z,E)]  +  S(z,E) 


with  terms  defined  as  follows: 

photoelectron  flux  in  electrons  cm“2s“^eV”^ 

S  source  spectrum  in  electrons  cm“3s~leV“^ 

n^  density  of  neutral  species  (N2,  ©2,  and  0  treated) 

0^  total  inelastic  cross  section  of  species  involved 

inelastic  cross  section  for  the  k^^  process  of  the  species 
in  cm^/eV 

Up  plasma  density 

Lg  loss  function  for  energy  loss  to  the  plasma. 


Equation  (1)  Is  replaced  by  a  matrix  equation  expressed  in  the  form 
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The  matrix  R  Is  generated  In  code  MATRIX  for  each  species.  The  technique 
for  approximating  the  Integral  In  equation  (1)  is  the  same  used  by 
Strickland  et  al.  (1976)  for  the  energy  dependence  of  their  more  general 
equation. 

Code  FLUX  solves  equation  (2)  for  flux  4>(z,E)  and  subsequently 
obtains  associated  excitation  rates  and  g-factors.  The  excitation  rate, 
designated  by  Pj|j(2)  Is 


.  X  /  max  ^  , 


(3) 


where  is  an  excitation  threshold  and  Index  k  refers  to  either  an 
excitation  or  Ionization  process.  Three  sets  of  rates  are  determined  for 
impact  on  N2,  O2,  and  0.  The  g-factor,  or  rate  of  excitation  (aton“^s~^), 
designated  by  gj^j^Cz)  Is 
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Four  sets  of  g-factors  are  determined,  with  the  first  three  corresponding 
to  the  sets  of  production  rates.  The  fourth  set  allows  for  excitations 
not  Involving  impact  on  N2,  O2 ,  and  0.  Several  processes  are  presently 
included  In  this  set  involving  Impact  excitation  of  NI  and  Oil. 


III.  CODE  VALIDATION 

In  this  section,  we  discuss  the  validation  of  the  code  and  applied 
data  set.  This  has  been  done  by  applying  an  energy  conservation  test  and 
comparing  the  photoelectron  flux  with  other  calculated  values  and  with 
measured  results.  The  applied  test  determines  how  well  the  following 
equality  holds: 


+  n 

P 


E 

max 

Lp{E)i)(z,E)dE 

min 


E 

max 

S(z,E)EdE 


min 


(5) 


3 


The  coaservatlon  principle  states  that  the  rate  of  energy  transfer  to  the 
ion  and  excited  states  and  to  the  plasma  equals  the  rate  of  energy  going 
into  the  photoelectron  source  spectrum.  We  find  that  equation  (5)  is 
satisfied  in  our  calculations  to  better  than  15%  over  the  altitude  range  of 
interest. 

The  energy  conservation  test  is  useful  for  determining  the  accuracy  of 
the  representation  of  equation  (1)  by  equation  (2)  and  accuracy  of  the 
numerical  procedures  within  the  code.  Once  it  is  established  that  the 
computational  model  is  working,  comparisons  of  the  results  with 
independent  values  are  useful  for  testing  the  input  data  which  Include  the 
model  atmosphere,  photon  and  electron  Impact  cross  sections,  and  the  solar 
spectrum.  We  have  compared  our  photoelectron  flux  spectrum  with  data  by 
Lee  et  al.,  (1980),  a  calculated  spectrum  provided  by  E.  Oran  (see  Oran  and 
Strickland,  1978),  and  a  photoelectron  spectrum  computed  by  l^ut  Stamnes 
(1982,  private  communication). 

The  Lee  et  al .  data  we  compare  with  were  obtained  under  quiet 
solar  conditions  at  a  solar  zenith  angle  of  10®  and  an  altitude  of  190  km. 
Figure  2  shows  our  first  comparison  over  an  energy  range  from  a  few  eV  to 
75  eV.  For  the  calculations,  the  Torr  et  al.  solar  spectrum  labeled  with 
an  Fjq^7  value  of  71  was  used  which  corresponds  to  low  solar  activity.  If 
we  use  one  of  the  higher  activity  spectra  the  agreement  is  not  as  good. 

This  is  seen  in  Figure  3  where  the  spectrum  labeled  with  an  Fjq^^  value  of 
206  has  been  used.  Based  on  these  comparisons,  the  applied  low  activity 
spectrum  appears  to  adequately  represent  conditions  at  the  time  of  the 
observation. 

The  results  calculated  by  Oran  were  obtained  for  moderate  solar 
activity  at  a  solar  zenith  angle  of  56®,  Figure  4  shows  the  comparisons 
at  altitudes  of  210  and  150  km.  Oran's  results  Include  the  effect  of 
transport  and  are  based  on  the  solar  spectrum  reported  by  Donnelly  and  Pope 
(1973).  We  have  used  the  high  activity  solar  spectrum  cited  above 
which  corresponds  to  F^Q^y  *  206. 

The  comparison  with  the  photoelectron  calculation  of  Knut  Stamnes 
corresponds  to  an  overhead  sun,  solar  10.7  cm  flux  of  68,  and  an  exospheric 
temperature  of  1000  K.  Again,  the  agreement  is  quite  good.  However,  it  is 
not  shown  because  the  atmospheric  model  used  by  Stamnes  was  considerably 
different  than  that  used  in  the  present  examples. 
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To  summarize,  our  initial  code  validation  effort  suggests  we  may  now 
proceed  to  meaningful  photoelectron  excited  dayglow  studies.  This  Is  based 
on  good  energy  conservation  and  the  flux  comparisons  just  described. 

IV.  INPUT/OUTPUT  DESCRIPTION 

The  calculation  of  photoelectron  spectra  and  associated  volume  excita¬ 
tion  rates  requires  a  large  body  of  Input  data.  These  data  were  previously 
Identified  In  Figure  1.  In  this  section,  we  will  discuss  the  extent  of  the 
needed  parameters. 

A  large  body  of  output  information  is  also  generated  In  the  form  of 
source  spectra,  flux  spectra,  excitation  rates,  and  g-factors.  A  discussion 
is  included  of  these  quantities,  in  particular,  of  the  types  of  excitation 
processes  which  have  been  considered. 

The  Input  Information  may  be  catagorized  as  follows: 

•  model  atmosphere 

•  solar  spectrum  (EUV  to  X-ray) 

•  photoabsorption  cross  sections 

•  partial  photoionization  cross  sections 

•  Inelastic  cross  sections  for  modeling  the 
photoelectron  energy  degradation 

•  loss  function  for  energy  loss  to  plasma 

and  •  excitation  cross  sections  for  specifying 

excitation  processes  of  interest. 

Some  of  these  quantities  have  already  been  discussed.  Nevertheless, 
we  will  briefly  address  each  of  them  here,  noting  either  their  source  or 
extent.  The  model  atmosphere  comes  from  Jacchla  (1971  or  1977)  and  is 
generated  in  code  SOURCE  once  the  exospheric  temperature,  T^^ ,  is 
specified.  We  allow  for  a  scaling  of  the  0  density  through  a  factor 
appearing  in  the  input  data. 

The  solar  flux  values  come  from  Torr  et  al.  (1979)  and  Donnelly  and 
Pope  (1973).  In  a  given  run,  one  of  the  five  available  spectra  in  the 
input  data  set  to  SOURCE  is  selected  depending  on  the  degree  of  solar 
activity  to  be  modeled.  A  combination  of  line  and  continuum  band  fluxes 
totaling  38  in  number  is  provided  with  the  Torr  et  al.  spectra.  We  have 
replaced  their  short  wavelength  band  fluxes  (<200  A)  with  line  fluxes 
from  Donnelly  and  Pope  (1973).  A  scaling  factor  has  been  introduced  to 
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allow  experimentation  on  our  part  for  lack  of  knowledge  of  how  the  soft 
X-ray  flux  varies  with  time.  Figures  5  and  6  show  plots  of  the  Input 
solar  spectra  for  low  and  high  solar  activity. 

The  total  absorption  cross  sections  are  used  to  specify  the  attenuated 
solar  spectrum.  They  come  from  Torr  et  al.  (1979).  The  partial  ionization 
cross  sections  come  from  Kirby  et  al.  (1979)  and  selected  papers  referenced 
therein.  Photolonlzatlon  is  modeled  for  five  states  of  N2''^,  ten  states  of 
02"*”,  and  five  states  of  0^.  The  ionization  thresholds  span  an  energy  range 
from  12.1  to  25  eV. 

There  are  two  sets  of  electron  impact  cross  sections.  The  first  set 
defines  the  energy  loss  matrix  elements  while  the  second  set  allows 
for  excitation  to  states  of  specific  interest  to  dayglow  studies. 

In  terms  of  energy  loss,  the  latter  is  a  subset  of  the  former.  Most  of 
the  applied  cross  sections  come  from  the  previous  work  of  Strickland. 

These  may  be  found  in  the  papers  by  Strickland  et  al.  (1976)  and  Oran  and 
Strickland  (1978).  Recently,  members  have  been  added  for  processes  such 
as  dissociative  ionization  of  N2  leading  to  Nil  1085  A.  Most  of  these 
have  come  from  measurements  by  E.C,  Zlpf  and  colleagues.  A  tabular  listing 
of  the  cross  sections  and  references  is  given  in  the  appendix. 

The  final  parameter  on  the  above  list  is  the  loss  function  for  energy 
loss  to  the  plasma.  It  should  be  noted  that  such  loss  is  not  important  to 
the  study  of  the  UV  dayglow.  Electron  impact  excitation  leading  to  W 
emission  is  primarily  at  electron  energies  above  10  eV  while  plasma  absorp¬ 
tion  of  the  photoelectron  energy  affecting  the  flux  spectrum  occurs  below 
this  energy.  In  spite  of  this,  we  include  the  effects  of  plasma  energy 
loss  so  as  not  to  exclude  the  low  energy  region  from  future  studies.  The 
applied  loss  function  comes  from  Schunk  and  Hays  (1971). 

We  will  now  briefly  describe  the  output  information.  The  flux  <!(z,E) 
is  currently  calculated  for  ~40  altitudes  between  400  and  100  km  and  for 
as  many  as  75  energies.  Approximately  40  excitation  rates  and  48  g-factors 
are  specified  on  the  altitude  grid.  These  refer  to  ionization,  vibrational 
excitation,  electronic  state  excltatioi.  of  the  states  producing  important 
energy  loss,  and  additional  processes  leading  to  UV  emission  at  selected 
wavelengths.  The  excited  state  species  producing  the  emission's  include 
^2*  ^2'*’'  features  will  be  addressed  in  t.  e 

next  section. 
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V.  RESULTS 

In  this  section,  volune  excitation  rates  id.ll  be  presented,  most  of 
which  lead  to  familiar  UV  dayglow  feat  ares.  Our  intent  here  is  to  illus¬ 
trate  the  nature  of  some  of  the  results  being  generated  rather  than  to 
address  a  specific  problem  in  the  study  of  the  UV  dayglow. 

Two  sets  of  results  will  be  presented.  Set  1  appears  in  Figure  7-12 
and  applies  to  the  same  model  atmosphere,  solar  spectrum,  and  solar  zenith 
angle  (SZA).  Set  2  appears  in  Figures  13-18  and  shows  how  the  0('S)  and 
N2(a^ng)  rates  change  with  variations  in  the  above  parameters.  For 
set  1,  the  following  conditions  apply:  Fio.7  “  206,  Ta>  =  1000°  K, 

SZA  *  56°,  and  n(0)  is  ^  of  the  value  from  Jacchia  (1971).  (FRACO  =  h-) 
Beginning  with  set  1,  the  total  ionization  rates  for  N2,  O2  and  0  are 
shown  in  Figure  7.  The  rates  for  N2  and  0-)  contain  contributions  from 

dissociative  ionization.  Two  important  excited  states  of  M2  are  the 
3  1 

C  n  and  a  Ilg  states  since  they  lead  to  the  second  positive  and 

LBH  Band  systems.  Figure  8  shows  the  excitation  rates  for  these  states. 

In  Figure  9,  we  compare  the  a^H  ^  rate  with  another  important  one, 
namely  that  for  the  OK^S)  state.  The  and  rates  are  seen  together 
in  Figure  10.  Strong  photon  imprisonmert  of  1304  A  photons  will  greatly 
amplify  the  production  rate  shown  in  this  figure. 

The  last  results  of  the  first  set  are  for  dissociative  excitation.  It 
should  be  kept  in  mind  that  for  some  of  the  features  to  be  shown,  direct 
excitation  of  the  atomic  species  will  dominate  the  dissociative  process. 

This  is  especially  true  for  the  01  emissions,  due  to  the  large  amount  of 
atomic  oxygen  relative  to  O2  present  in  the  important  excitation  region. 

Figure  11  shows  dissociative  excitation  rates  for  producing  emission  in  the 
features  NI  1200  A,  NI  1134  A,  NI  1493  A,  and  NI  1243  A.  Figure  12  shows 
rates  for  producing  emission  at  01  1304  A,  01  1356  A,  01  1027  A,  and  01  989  A. 

For  set  2,  the  results  apply  to  the  three  cases  identified  in  Table  1. 

For  each  case,  several  solar  zenith  angles  are  considered  as  given  in  the 
table.  Figures  13-15  show  the  production  rates  for  0(5S)  with  each  figure 
referring  to  a  different  case.  Similar  results  for  )  appear  in 

^  o 

Figures  16-18.  Noteworthy  features  of  the  results  in  set  2  are  an  approximate 
doubling  of  the  rates  in  going  from  low  to  high  solar  activity  and  the 
respective  decreases  and  increases  in  the  and  rates  as  n(0)  is 
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scaled  from  .5  to  .25  times  the  Jacchla  (1971)  value.  The  rates  vary 
almost  directly  with  n(0)  as  expected. 


Table  1.  Cases  for  which  results  have  been  obtained  with  the  photoelectron 
code.  For  each  case,  the  following  solar  zenith  angles  were 
treated:  0°,  30°,  60°,  75°,  83°,  87°,  and  90°. 


Case 

n(0)  Scaling  Factor 

T(°K) 

flO.7 

1 

.5 

1000 

71 

2 

.5 

1000 

206 

3 

.25 

1000 

206 

Fig.  1.  Block  diagram  for  the  applied  photoelectron  code. 
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LOGIO  PE  FLUX  I  /Crixx2 

3.0  4.0  5.0  6.0  7.0 


o 


ENERGY!  EV  ) 


Fig,  2.  4ir  integrated  photoelectron  flux.  Both  profiles  correspond  to  low 
solar  activity.  FRACO  is  the  0  density  scaling  factor. 
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L0610  PE  FLUX  I  /Crixx2  - 

3.0  4.0  5.0  6.0  7.0  B.O 


Fig.  3. 


integrated  phctoelectron  flux.  The  Lee  data  are  the  same  as 
those  appearing  in  Figure  2.  The  calculated  flux  is  for  high  solar 
activity. 


LOGIO  PE  FLUX  I  /CtlKx2  - 

3.0  4.0  5.0  B.O  7.0  B.O 


ENERGY (  EV  ) 

Fig.  4.  Comparison  of  photoelectron  fluxes  with  Oran  (private  communication) 
for  similar  solar  and  atmospheric  conditions. 
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L06.„  Solar  Flux  (photons/cm'^-s-A) 


Wavelength  (A) 


Representation  of  solar  spectrum  for  low  solar  activity.  Lines  have 
been  given  a  rectangular  distribution  with  a  5  A  width.  The  spectrum 
between  200  and  1000  A  is  from  Torr  et  al.  (1979)  who  have  associated 
with  it  a  10.7  cm  solar  flux  value  of  71.  The  spectrum  below  200  A 
comes  from  Donnelly  and  Pope  (1973). 


L06.„  Solar  Flux  ( photons/ ctn'^-s-A) 


RLTITUDEC  KM  ) 

100.0  150.0  200.0  250.0  300.0 
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RLTITUDEl  KM  ) 

100.0  150.0  200.0  250.0  300.0 


LOG 10  PRODUCTION  RflTEt  /CMkh3  -  S  ) 

Fig.  8.  Excitation  rates  for  the  C^II  and  a^n  states  of  N2"  These  lead  to  the 
second  positive  and  LBH  eirissions. 
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RLTITUDEC  KM  ) 

100.0  150.0  200.0  250.0  300.0 


Fig.  9 


LOG  10  PRODUCTION  RflTEt  /CMkh3  -  5  ) 

.  Excitation  rates  of  the  N2  a^n  state  and  O^S  state.  The  state  leads 
to  1356  A  emission. 
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RLTITUDEt  KM  ) 

lOO.Q  150.0  200.0  250.0  300.0 


Fig.  10.  Excitation  rates  for  the  and  states  of  0  leading  to  1356  A  and 
130A  A  emission. 
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RLHTUDE(  KM  ) 

100.0  150.0  200.0  250.0  300.0 


LOGIO  PRODUCTION  RRTE(  /C[1hk3  -  S  ) 

fig.  12.  Emission  rates  for  01  produced  by  dissociative  excitation  of  02* 
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Altitude  (kn 


Fig. 


^-roduction  Rate  (cm'^-s-l) 

18*  Similar  to  Figure  15  except  h 

except  here  tho 

production  r.lecc  c„ 


APPENDIX 

Tables  A1-A4  list  the  various  references  for  inelastic  cross  sections 
for  N2,  O2,  0,  and  N.  Table  A5  is  a  tabulation  of  the  numerical  values 
of  the  cross  sections  used  in  the  computer  code.  The  entries  are  the 
species;  the  number  of  inelastic  cross  sections  for  that  species;  a  line 
containing  (1)  1,  the  number  of  values  of  the  individual  cross  section, 

(2)  the  threshold  energy,  and  (3)  an  identifier  of  the  state;  a  block 
containing  the  i  energies  (in  eV);  a  block  containing  the  1  cross  sections 
(in  cm2)  each  of  those  energies.  The  first  cross  section  for  each  species 
refers  to  total  ionization.  The  line  containing  the  identifier  has  one 
additional  parameter  not  found  on  corresponding  lines  for  the  excitation 
cross  sections.  This  parameter  is  used  in  an  analytic  expression  giving  the 
differential  behavior  of  the  cross  section. 
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Table  Al.  Inelastic  Cross  Sections  for  N2 


State 


Reference 


Ionization 


Vibration 


i' 


Singlet  Rydbergs 
Triplet  Rydbergs 

b* 

NI  2s2p^  (1134  A) 

JII  2p23s  ^P  (1200  A) 

Nl  2p23s’  2d  (1243  A) 
NI  2p23s  2p  (1493  A  ) 
Nil  2s2p3  30"  (1085  A) 


Rapp  and  Englander-Colden  (1965) 
Schulz  (1964) 

Borst  (1972) 

Cartwright  et  al .  (1977) 

Cartwright  et  al.  (1977) 

Cartwright  et  al .  (1977) 

Borst  (1972) 

Zlpf  and  German  (1^80) 

Cartwright  et  al .  (1977) 

Cartwright  et  al .  (1977) 

Cartwright  et  al .  (1977) 

Creen  and  Stolarskl  (1972) 

P.  Julienne  (1976,  private 
communication) 

Green  and  Stolarskl  (1972) 

Stone  and  Zlpf  (1973) 

Mumma  and  Zlpf  (1971b) 

Mumna  and  Zlpf  (1971b) 

Mumma  and  Zlpf  (1971b) 

McLaughlin  (1977) 


Table  A2.  Inelastic  Cross  Sections  for  0 


State 


Ionization 


Vibration 

a3e+ 

"9.9"  Feature 
Rydbergs 

01  2p33s'  3co  (989  X) 
01  2p33d  (1027  A) 

01  2p33s  3s*  (1304  A) 
01  2p33s  Ss®  (1356  A) 


2* 

Reference 

Watson  et  al .  (1967);  Silverman  and 
Lassettre  (1957);  Kleffer  and  Dunn 
(1966);  Rapp  et  al.  (1965) 

Schulz  and  Dowell  (1962);  Hake 
and  Phelps  (1967);  Trajmar  et  al . 
(1972);  Wong  et  al.  (1973) 

Trajmar  et  al.  (1971) 

Trajmar  et  al.  (1971) 

Watson  et  al  (1967) 

Trajmar  et  al.  (1972) 

Watson  et  al.  (1967) 

Watson  et  al.  (1967) 

Zipf  et  al.  (1979) 

Zipf  et  al.  (1979) 

Mumma  and  Zipf  (1971a) 

Wells  et  al.  (107l) 
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Table  A3.  Inelastic  Cross  Sections  for  0. 


State 

Reference 

Ionization 

Fite  and  Brackmann  (1959) 

2p3  Id  (6300  A) 

Henry 

et  al.  (1969) 

2p4  Is  (5577  A) 

Henry 

et  al.  (1969) 

2p33s  5s°  (1356  A) 

Stone 

and  Zlpf  (1974) 

2p33s  3s“  (1304  A) 

Stone 

and  Zlpf  (1974) 

(3s)  3d  Rydberg 

Davis 

and  Blaha  (1976) 

(3s)  ^D  Rydberg 

Davis 

and  Elaha  (1976) 

on 

Peach 

(1971) 

on  2p 

Peach 

(1971) 

Table  A4.  Inelastic  Cross  Sections 

for  K 

State 

Reference 

2s2p^  ^P  (1134  A) 

Stone 

and 

Zlpf 

(1973) 

2p23s  ^P  (1200  A) 

Stone 

and 

Zlpf 

(1973) 

2p2  33!  2d  (1243  A 

Stone 

and 

Zlpf 

(1973) 

2p23s  2p  (1493  A) 

Stone 

and 

Zlpf 

(1973) 

2p23s  2p  (1744  A) 

Stone 

and 

Zlpf 

(1973) 

Table  A5.  Cross  sections 


i'i2 

1.54E+01  1.14E+01  N2  ION 

1.56E+0I  1,60E+01  1.65E+01  1.^0£+01  1.80E+01  1.90E+0i  2.00E+01  2.10E+C1 

2.30E  +  01  2.‘:.0E  +  01  2.30E  +  01  3.20E  +  01  4.00E  +  01  5.00E  +  01  6.0'"E  +  01  7.0vE  +  Ci 

S.50E  +  01  l.OOE  +  02  1.25E  +  02  1.50E  +  02  2.00E  +  02  3.00E  +  02  4.')0E+:'2  6.00E  +  02 

13.00E  +  02  l.OOE't-03  :.30E  +  C'3  1.70E4-03  2.30E  +  03  3.00E+03  4.C'OE  +  03  5.?0E  +  03 

7.^0t+03  l.OOE+04  1.40E+04  2.00E+04  2.50E4-04  3.00E+04  4.00E+04  5.00E+04 
7.2.0E  +  04  1.00E)-05 

I.OOE-IV  2.10E-1S  4.6AE-18  7,13E-18  1.29E-17  1.99E-17  2.70E-17  3.43E-17 

'1.<52E-17  6.40E-1^  8.75E-I7  1.I5E-16  1.57£-:6  1.93E-16  2.18E-1^  2.33E-1* 

:.45E-16  2.50E-16  2.52E-16  2.48E-14  2.27E-16  1.92E-16  l.*<iE-16  1,28E-16 

I.O’E-IA  9.10E-17  7,50E-17  (S.OOE-17  4.70E-17  3.80E-17  3.00E-1  7  2.33E-1'' 

1.80E-17  1.42E-17  1.08E-17  8.10E-18  6.30E-18  S.S'jE-lS  4.65E-18  3.908-13 

2.80E-ia  2.20E-18 
47  0.30  N2  V=1 

3.00E-01  7.00E-01  l.lOE+00  1.40E+00  1.70E+00  1.80E+00  1.88E+00  1.94E+00 

1.98E+00  2.04Et00  2.03E+00  2.12E+00  2.16E+00  2.18E+00  2.22E+00  2.25E100 

2.28E+00  2.32E+00  2.368+00  2.40E+00  2.44E+00  2.48E+00  2.52E+00  2.58E+0O 

2.62E+00  2,64E+00  2.66E+00  2.63E+00  2.70E+00  2.72E+00  2.76E+00  2.80E+00 

2.33E+00  2.86E+00  2.88E+00  2.90E+00  2.92E+00  2.9*8+00  3.02E+00  3.08E+00 

3.12E  +  00  3.16E  +  00  3.24E  +  00  3.36E  +  00  S.t.OE  +  OO  3.4-08  +  00  4.008  +  00 

6. •'08-20  2. 608-19  1.408-13  5,008-18  l.OOE-l’’  1,308-17  3,908-1'  7..;.0E-i' 

1.158-16  1.508-16  1.158-16  7.508-17  5.008-1’  3.908-17  5.008-17  8.20E-r- 

1.208-16  1,408-16  1.208-16  S.SOE-l^  6.508-17  5.508-17  6.108-17  e. 508-1’ 

1,008-16  9,008-17  6.008-17  3.008-17  1. 808-1’  1,508-1’  1.908-lV  7.608-17 

4.508- 17  3.608-17  2.608-17  1.708-17  1.508-17  l.’OE-l’  2.508-1’  3.608  -  1.’ 

4.008-17  3.608-17  3,008-1’  2.408-1’  200E-1-  1.708-17  1.008-1’ 

46  0.60  N2  0=2 

6.008-01  1.008+00  1.508+00  1.708+00  1.808+00  1.848+00  1.888+00  1.948+00 

2.008+00  2.068+00  2.128+00  2.168+00  2,228+00  2.268+00  2.308+00  2.348+00 

2.368+00  2.408+00  2.428+00  2.448+00  2.468+00  2.508+00  2.548+00  2.608+00 

2.648+00  2.668+00  2.688+00  2.728+00  2.748+00  2.788+00  2.828+00  2.888+00 

2.928+00  2.968+00  2.988+00  3.028+00  3.068+00  3,088+00  3.108+00  3.:2E+0o 

3.168+00  3.208+00  3.268+00  3.348+00  3.488+00  3.608+00 

1.008-25  1.008-23  1.008-21  1,008-19  2.008-13  7.508-18  1.658-17  3.308-17 

7.308- 17  1.058-16  1.108-16  9.308-17  6.308-17  4.008-17  2.508-17  1.608-17 

1.408-17  1.908-17  3.508-17  6.008-17  S.SOE-l'  1.008-16  8.608-17  5.508-17 

2.608-17  1.608-17  1.308-17  1.908-17  3.108-1’  4.508-17  5.308-17  4,308-17 

3.008-17  1.708-17  1.158-17  9.208-18  1.208-17  1. ’08-17  2.508-17  2.908-17 

2.608-17  2.008-17  1.458-17  1.058-17  7.008-18  5. 508-18 

31  0.90  N2  V=3 

9. 008-01  1.208+00  1.508+00  1.708+00  1.308+00  1.888+00  1.948+00  2.008+00 

2.068+00  2.148+00  2.208+00  2.268+00  2.328+00  2.368+00  2.408+00  2.448+00 

2,488+00  2.548+00  2.608+00  2.668+00  2.708+00  2.74E+00  2.788+00  2.328+00 

2.868+00  2.928+00  2.938+00  3.028+00  3.068+00  3.148+00  3.248+00 

1.008-23  1.008-22  1.008-21  1.008-20  1.008-19  2.008-18  8.508-18  2.108-17 

4.308- 17  7.508-17  9.008-17  7.508-17  3.608-17  1.508-17  1.008-17  1.508-17 

2.508- 17  4.008-17  4.808-17  4.008-17  2,308-1’  1.20E-1’  1. 008-17  1.358-17 

2.108-17  2.608-17  2.008-17  1.208-17  9.308-18  9,008-18  3.508-18 
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Table  A5  (Cont'd)  -  Cross  sections 


36  1.20  N2 


1 .20E+00 

1 . 40E+00 

1 .60E  +  00 

1 .30E+00 

2.08E+00 

2. 12E+00 

2. 16E  +  00 

2. 22E+00 

2.48E+00 

2.50E+00 

2.54E+00 

2.53E+00 

2.76E+00 

2.79E+00 

2.82E+00 

2.84E+00 

3.06E+00 

3. 12E  +  00 

3. 16E  +  00 

3.20E+00 

1 .OOE-23 

1 .OOE-22 

1 .OOE-21 

1 .OOE-20 

1 .OOE-17 

2.50E-17 

4 .30E-17 

6. 30E-17 

1.50E-17 

1 .OOE-17 

7.50E-18 

S.50E-18 

3. OOE-17 

1 .80E-17 

1  .OOE-17 

7.50E-18 

1 .30E-17 

1.15E-17 

8.00E-13 

4. OOE-18 

37  1.50  N 

12  V  =  5 

1 .50E+00 

1 . 70E+00 

1 .90E+00 

2.00E+00 

2.26E+00 

2.32E+00 

2.38E+00 

2 . 44E+00 

2.60E+00 

2.62E+00 

2.66E+00 

2.70E+00 

2.92E+00 

2.96E+00 

2.98E+00 

3.00E+00 

3.20E+00 

3.24E+00 

3.28E+00 

3.30E+00 

1 .OOE-23 

1 .OOE-22 

l.OOE-21 

3.00E-19 

3.30E-17 

4. OOE-17 

4.60E-17 

5. OOE-17 

5.00E-18 

3. OOE-18 

3.50E-18 

6. lOE-13 

2. lOE-17 

1 .20E-17 

5. OOE-18 

3. OOE-18 

l.lOE-17 

9.50E-18 

5. OOE-18 

3. OOE-18 

25  1.80  N 

12  0=6 

1.80E+00 

1 .90E+00 

2.00E+00 

2. lOE+00 

2. 32E+00 

2. 36E+00 

2.40E+00 

2. 46E+00 

2.78E+00 

2.84E+00 

2 .90E+00 

2.96E+00 

3.20E+00 

1 .OOE-24 

1 .OOE-23 

1 .OOE-22 

1 .OOE-21 

6.00E-18 

2. OOE-17 

3.40E-17 

4.90E-17 

1 .05E-17 

9. OOE-18 

1 .05E-17 

1 .30E-17 

1 .50E-18 

31  2.10  N 

12  0  =  7 

2. lOE+00 

2.20E+00 

2.30E+00 

2.36E+00 

2.58E+00 

2.64E+00 

2.68E+00 

2.74E+00 

2.88E+00 

2.90E+00 

2.92E+00 

2.96E+00 

3. lOE+00 

3.16E+00 

3.22E+00 

3.2SE+00 

1 .OOE-22 

l.OOE-21 

1  .OOE-20 

1  .OOE-IO 

1.30E-17 

2.50E-17 

3. OOE-17 

2.60E-17 

5.20E-18 

3.40E-18 

2.40E-18 

1 .70E-18 

6.60E-13 

7.50E-18 

7. lOE-18 

5.50E-18 

25  2.40  ^ 

12  0  =  8 

2.40E+00 

2.45E+00 

2.50E+00 

2.53E+00 

2.70E+00 

2.76E+00 

2.82E+00 

2.88E+00 

3.10E+00 

3.14E+00 

3. 18E  +  00 

3.22E+00 

3.40E+00 

1 .OOE-22 

1 ,00E-21 

1 .OOE-20 

1 .OOE-19 

1 .25E-17 

1 .30E-17 

1 .20E-17 

1 .OOE-17 

1 .30E-18 

1.40E-18 

1 .80E-18 

2.90E-18 

1 .50E-18 

19  6.17  N2  A3SIG 

6.50E+00 

7.00E+00 

7.50E+00 

8.00E+00 

1 .30E+01 

1 .50E+01 

1 .70E+01 

2.00E+01 

6.00E4'01 

7.50E+01 

1 .OOE+02 

5.00E-19 

2.00E-18 

5. OOE-18 

1 .50E-17 

3.30E-17 

2.30E-17 

1.70E-17 

1 .30E-17 

l.lOE-18 

6.00E-19 

3.00E-19 

1 .90E+00 

1.O5E+00 

2.00E+00 

2  .■  4  E  -  " 

2.29Et00 

2. 34E+00 

2 . 40E+00 

2  .  4  E  4  ■ 

2.62E+00 

2.65E+00 

2.O3E+00 

2  ■’2E  + 

2.88E1-00 

2. 92E  fOC 

2  .  56E  +  00 

3.00E+0- 

1 .OOE-19 

3. OOE-19 

1  . OOE-IS 

4  .  OOE-l 

7.20E-17 

6.00E-1'’ 

4.C'0E-17 

2.5'’iE-l 

1 .40E-17 

2.  OOE-17 

l-OOE-l" 

3.80E-1‘ 

5. 40E-ie 

6. OOE-18 

8.  OOE-18 

1  .  15E  -1  ’ 

2.06E+00 

2. lOE+00 

2. 14E+00 

2 . 2  0  E  - 

2 . 50E+00 

2.54E+00 

2 . 56E+00 

2.53E+0''i 

2.74E+00 

2.-'8E  +  00 

2.32E+00 

2 . 83E+0" 

3.04E+00 

3.34E+00 

3.08E+0C 

3  .  t2E  +  00 

3.  16E  +  0'4 

2.50E-18 

7.50E-18 

1 .50E-17 

2.50E-r' 

4.50E-17 

3.30E-17 

2.  lOE-1 ^ 

9.50E-1'- 

1 .OOE-17 

1 .50E-17 

2.05E-1‘’ 

2,25E-17 

3. OOE-18 

1 .OOE-18 

4.30E-18 

7. 50E-18 

1 . OOE-l  • 

2.20E+00 

2.25E+00 

2.288+00 

2 . 30E  t  '  '■ 

2.52E+00 

2 . 58E+00 

2.*4E+00 

2 . 70E  +  ''  ^ 

3.00E+00 

3.04E+00 

3.  lOE  +  00 

'3.  14E  +  0';' 

1 .OOE-20 

1. OOE-l 9 

5.  ;oE-io 

1 .50E-18 

5. 40E-17 

4 . 90E-1 7 

2  IOE-1- 

1 .35E-17 

1 .  lOE-17 

6. OOE-18 

3.1  or  -  1-: 

2.40E+00 

2.42E+00 

2 . 46E  +  00 

2. 52E+0O 

2.78E+00 

2. 32E+00 

2 . 84E+00 

2.86E+00 

3.00E+00 

3.02E+00 

3.04E+00 

3 . 06E  +  0‘^ 

3.32E+00 

3.36E+00 

3 . 40E+0O 

1 .50E-18 

4.70E-18 

9. OOE-18 

1  . 40E-1 7 

1.30E-17 

1.60E-17 

1  .  30E-17 

3.00E-1P 

1 .50E-18 

2.20E-18 

3.40E-18 

4.60E-13 

3.50E-18 

2. OOE-18 

1  .OOE-IS 

2.56E+00 

2,58E+00 

2.60E+00 

2.64E+00 

2.94E+00 

2.93E+O0 

3.02E+00 

3 . 06E  +  00 

3.26E+00 

3.30E+00 

3 , 34E+00 

3 . 38E  +  00 

1 .50E-18 

3.20E-18 

5.50E-18 

O.50E-18 

7. OOE-18 

5. OOE-18 

2.50E-13 

1 .40E-1  :■ 

4. OOE-18 

4 .50E-13 

3 . 80E-18 

2. 40E-18 

9.00E+00 

1 . OOE+01 

1  .  lOE  +  01 
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t . lOEtOl 

1 . 15t+01 

1 . 20E  +  01 

1 . 30E  +  01 

1 .50E  +  01 

1  .  ■'  vE  +  'M 

2, OOE+Ol 

2 . 2  0  E  T  0  1 

3 . OOE+01 

4.00E+01 

5.00E+01 

6  .  OOE  +  Ol 

3. OOE+Ol 

1 . OOE +02 

1  ■  5  0E  +  ':2 

2  V  I  8  4  ' 

3.00E+02 

5.00E+02 

7,50E+02 

1  .OOE  +  03 

1 .50E  +  03 

2.008402 

■  .  OOE  +  '-'T 

5  0;t4v2 

7.00E+03 

1 .OOE+04 

1 . 50E+04 

2.50E+04 

5.00E  +  0-; 

2.00E-20 

5.50E-20 

1 . lOE-19 

2.70E-19 

■-OOE-l'^ 

1.20E-i6 

1  .e5E-18 

2 . OE-  i : 

3.20E-18 

3.70E-18 

3  .aOE-18 

3.75E-18 

3.45E-18 

i  .  i  j  E  “  1 8 

:  .6  )E-is 

2.20E-1 9 

1 . 70E-18 

1 .20E-19 

9. lOE-19 

7.50E-19 

5.50E-19 

4. 45E-I 9 

3-  20E  -1'-' 

2.20E-I'- 

1 .60E-19 

1 . 20E-19 

8.40E-20 

5 . 40E-20 

2.80E--20 

27  14.0  1 

02  RYD) 

1 . 40E+01 

1 .50E+01 

1 .60E  +  01 

1 . 70E  +  01 

1 .80E+01 

2. OOE+Ol 

2.50E+01 

3- OOE+Ol 

4.00E+01 

5.00E+01 

7.00E+01 

1  .OOE  +  02 

1 . 50E+02 

2 . OOE+02 

3.00E+02 

5.  E  +  0.' 

7.50E+02 

1 .OOE+03 

1 .50E  +  03 

2.00E+03 

3.00E+03 

5.00E+03 

7.50E+03 

1  . OOE  +  04 

1 . 50E+04 

2.50E+04 

5.00e+04 

9.00E-19 

1 .60E-18 

3.30E-18 

7.00E-13 

1.25E-r7 

2.50E-17 

6 .20E-17 

9 . OOE-  I" 

1 .27E-16 

1.45E-16 

1 .50E-16 

1 . 40E-16 

1 .25E-1* 

1 .05E-16 

6 .50E-17 

6.00E-1  ^ 

4.50E-17 

3.70E-17 

2.80E-17 

2.30E-17 

1  .•45E-17 

1  .  lOE-17 

3  .  OOE-18 

6.3CE-l:4 

4.50E-ia 

3.00E- 18 

1 . 70E-18 

30  18.7  1 

02  RYri2 

2.20E+01 

2.50E+01 

3,00E+01 

4 . OOE+Ol 

5. OOE  +  Ol 

o.yOE+Ol 

7.  OOE  +  Ol 

8.  OOE  +  "'  1 

9.00E+01 

1 .OOE+02 

1 .50E+02 

2.00E+02 

3.00E+02 

4.00E+02 

5.00E+02 

6 . 003+  .  : 

7.00E+02 

8.00E+02 

9  .OOE  +  02 

1 . OOE+03 

1 .20E+03 

1 .60E+03 

2  .OOE  +  03 

3  -  0  0  E  +  '  3 

5.00E+03 

7.00E+03 

1 .OOE+04 

2.00E+04 

3.00E+04 

5  .  OOE  +  vl 

1 .30E-18 

3.50E-18 

1  .OOE-17 

2.81E-17 

4,49E-17 

5.9'E-17 

6 .95E-17 

■’.9'E- 

8.61E-17 

9.21E-17 

1  .OOE-16 

9.56E-17 

8. 13E-17 

4. 77E-1- 

5.  o4E  -1- 

4.9JE-1 ' 

4.40E-17 

3.97E-17 

3.64E-17 

3.37E-17 

2.'“'0E-17 

2 . 40E-  17 

2.00E-L7 

1 .40E-1- 

9.60E-18 

7.20E-18 

5.40E-18 

3.  lOE-lS 

2. 20E-18 

1 .50E-!? 

22  17.6  1 

02  989 

1 .70E+01 

1 .80E+01 

2.00E+01 

2.50E+01 

3.  OOE  +  Ol 

4.  OOE  +  Ol 

5.  OOE  +  Ol 

O.00E+'- 1 

7.00E+01 

a.OOEtOl 

9.00E+01 

1 .00E+02 

1 . 20E+02 

1 . 40E +02 

1  ■60E+02 

1 .30E+o: 

2.00E+02 

2.20E+02 

2.40E+02 

2.60E+02 

2.30E+02 

3.00E+02 

2.53E-20 

4.00E-20 

1 .39E-19 

3.20E-19 

4.81E-19 

8.74E-19 

1  •2’E-IS 

1  .  62E-  IP 
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1 .93E-18 

1 .94E-18 

1 . 93E-13 

1.87E-18 

1  .SO'-:- 18 

1  .  'lE-ie 
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1 .53E-18 

1 .46E-18 

1 .39E-18 

1 . 33E-18 

1 .27E-18 

1 .218-18 

25  17.2  1 

021027 

1 .50E+01 

1 . 60E+01 

1 .70E+01 

1  .30E  +  01 

1 .90E  +  01 

2.0  ,E  +  01 

2.50E+01 

3 . OOE+Ol 

4.00E+01 

5.00E+01 

6.00E+01 

7. OOE+Ol 

3. OOE+Ol 

9.  OOE  +  Ol 

1  .OOE  +  02 

1  - 20E  +  0: 

1 . 40E+02 

1 .60E+02 

1 .80E  +  02 

2.00E+02 

2.20E+02 

2. 40E  +  02 

2.60E+02 

2.30E+02 

3.00E+02 

1 .OOE-21 

5.00E-21 

2.50E-20 

7.00E-20 

1 .OOE-19 

1.308-19 

2 .60E-19 

3.S0E-1° 

6.20E-19 

8.90E-19 

1 . 12E-18 

1 .32E-18 

1 .44E-18 

1 .47E-13 

1 . 47E-18 

1  .  44E-1S 

1 .39E-13 

1 .33E-13 

1 .27E-18 

1.21E-13 

1.15E-13 

1 .09E-1S 

1  .  05E-1S 

9.05E-1'- 

9.50E-19 

20  14.6 

021304 

1 .47E+01 

2.00E+01 

3.00E+01 

4. OOE  +  Ol 

5. OOE+Ol 

6. OOE+Ol 

7. OOE+Ol 

8.  OOE  +  Ol 

9,00E+01 

1 .OOE+02 

1 .20E  +  02 

1 .40E  +  02 

1 .60E+02 

1 .80E+02 

2.00E+02 

2. 20E+-7 

2.40E+02 

2.60E+02 

2.80e+02 

3.00E+02 

7.00E-19 

1 .40E-18 

2.28E-13 

2.63E-18 

3.25E-18 

3.50E-18 

3. 75E-18 

3.90E-1.? 

3.80E-18 

3.70E-18 

3.50E-18 

3.25E-18 

3.08E-18 

2.S9E-18 

2. ~2E-18 

2.58E-18 

2.45E-18 

2.31E-18 

2.20E-18 

2.  lOE-13 

20  14.2 

021356 

1.40E+01 

2.00E+01 

3.00E+01 

4. OOE+Ol 

5. OOE+Ol 

6.  OOE  +  Ol 

7. OOE  +  Ol 

8.  OOE  +  Ol 

9.00E+01 

1 .00Et02 

1.20E+02 

1 .40E+02 

1 .60E+02 

1  .SOE  +  02 

2.00E+02 

2.20E+07 

2.40E+02 

2.60E-f02 

2.80E+02 

3.00E+02 

6.00e-I9 

1 .30E-18 

2.40E-13 

3.40E-1S 

4.65E-19 

5.50E-18 

■4. 25E-18 

6 . 60E- 1 3 

6.80E-18 

7.00E-18 

6.90E-18 

6.70E-18 

6.45E-18 

6.20E-13 

5.95E-18 

5.  POE- 13 

5.45E-18 

5.20E-18 

5.05E-18 

4.95E-18 
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1.40E+01  8.00E+00  01  ION 


■  iOE+01 

1 . 50E+01 

1  .  6  0  E  T  0 1 

1 . 80E+01 

2.00E+01 

2.50E+01 

3.00E+01 

'OE  +  Ol 

7.00E+01 

1  .  OOE  +  02 

1 . 50E+02 

2.50Ef02 

4 , OOE+02 

6.00E+02 

1  ■  ■<'£  +  03 

1 .50E+03 

2 . OOE+03 

3 .OOE+03 

5.00E+03 

7.50E+03 

1 .OOE+04 

:  '^0E404 

5. OOE+04 

i  20E-18 

6.50E-13 

1  .ssE-n 

3.70E-17 

5..60E-17 

8.60E-17 

1 .05E-i6 

;  ■'5E-1.6 

1 .53E-16 

1  .SOE-lo 

1  .  40E-16 

1  .  15E-16 

9.00E-i7 

7  .  OOE-n 

.  "OE  -  17 

4. 30E-17 

3.g0E-17 

3. OOE-17 

2 . 30E-17 

1 . 90E-1:' 

1  .  60E  -1  7 

• .  :  18 

4 . 20E-13 

'  ^  T  1  M 

or  in 

lOE  +  00 

2. 20E+00 

2.40E+00 

2.60E+00 

2.P0E+00 

3.50E+00 

4.00E+00 

-  .  ■■'OEfOO 

7.00E+00 

3.50E-00 

1 .OOE+01 

1 .50E+01 

2. 50E+01 

4 . OOE+01 

"OE+Ol 

1  .OOE  +  02 

1 .50E  +  02 

2.00E+02 

3.00E+02 

1  . OOE-13 

2.50E-ia 

6. OOE-13 

1 .OOE-17 

1 .50E-17 

2.25E-17 

2.53E-17 

:  ■^5E-17 

2.688-17 

2.48E-17 

2.33E-17 

1 .80E-17 

1 .30E-17 

8.20E-13 

3 . 30E-13 

2. OOE-18 

1  .OOE-18 

5.00E-1'-' 

1 . 50E-1 7 

18  4.00  1 

DI  IS 

4 . OOE+00 

4 . 50E  +  00 

5.00E+00 

6.00E+00 

7 ,OOE+O0 

8.00E+00 

7 .OOE+OO 

1.20E+01 

1 . 50E  +  01 

2. OOE+01 

3.00E+01 

4.00E+01 

5. OOE+01 

7.00E+01 

1 .50E402 

2.00E+02 

3.00E+02 

5 . 00Et02 

1 . OOE-19 

3. OOE-19 

9.50E-19 

1 .50E-18 

1 .90E-18 

2.20E-18 

2. 35E-1S 

2 . 40E-18 

2.20E-18 

1 . 90E-18 

1 . 40E-18 

1  .  lOE-ie 

9. OOE-17 

6.50E-17 

2. OOE-19 

1 .20E-19 

5.00E-20 

13  41  .  1  1 

01  5S 

3 . 30E+00 

1  .OOE  +  01 

1  .  lOE  +  01 

1 . 20E  +  01 

1 .30E+01 

1 . 40E+01 

1  .50E  +  'M 

1 . 80E+01 

2 . 20E+01 

2.50E+01 

3.00E+01 

4.00E+01 

5.00E+01 

7  OOE+01 

1 . lOE-18 

2.50E-13 

6  .OOE-18 

1 .20E-17 

1 .85E-17 

2. 35E-17 

2.50E-17 

2.35E-17 

1 .78E-17 

1 .38E-17 

9.00E-18 

4 .40E-18 

2.20E-18 

7 .50E-17 

24  10.1 

or  3S 

1 .OOE+01 

1 .20E+01 

1  .40E  +  01 

1 .70E  +  01 

2.20E+01 

3.00E+01 

5.00E+01 

1 .OOE+02 

1 .50E+02 

2  .OOE  +  02 

3.00E+02 

5.00E+02 

7. 50E+02 

1  OOE+03 

2.00E+03 

3.00E+03 

5.00E+03 

7.00E+03 

1 .OOE+04 

1  .f.OE  +  04 

2.50E+04 

(4.00E-18 

2.30E-17 

4.70E-17 

5.30E-17 

5.40E-17 

4.90E-17 

4  .OOE-17 

2.90E-17 

2.30E-17 

2  .OOE-17 

1 .50E-17 

1 .05E-17 

8  .OOE-18 

6.20E-13 

3.80E-18 

2.80E-18 

1 .80E-18 

1 .40E-18 

1  .OOE-18 

7.20E-19 

4.60E-19 

27  15.0 

01  3DRYD 

1 .50E+01 

1 .55E  +  01 

1 .60E+01 

1 .70E+01 

1 .80E+01 

2.00E+01 

2.50E+01 

4.00E+01 

5 .OOE+01 

7.00E+01 

1 .OOE+02 

1 .50E+02 

2.00E+02 

3.00E+02 

7.50E+02 
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6.00E-20 
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1. OOE-18 

2 . 30E-18 

6.40E-18 

1 .50E-17 

1.70E-17 

1 .80E-17 

1 .75E-17 

1  .SOE-n 

1 . 30E-17 

1 .03E-17 
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4.50E-18 

3.50E-18 

2.80E-13 

2. lOE-13 

1 .50E-18 

1 . 13E-13 

6.60E-14 
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2 .85E-19 
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1 .50E  +  01 
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1 .80E-17 

1 .30E-17 

7. OOE-18 

4  .OOE-18 
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1 .59E+02 
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28  10.9  N  1134 

1.13E+01  1.20E+01  1.30E+01  1.40E+01 
2.20E+01  2.50E+01  3.00E+0I  4.00E+01 
9.00E+01  l.OOE+02  1.20E+02  1.40E+02 
2.40E+02  2.60E+02  2.a0E+02  3.00E+02 
1.20E-17  1.30E-16  1.60E-16  1.70E-16 
1.90E-16  1.82E-16  1.48E-16  1.37E-16 
7.20E-17  6.80E-17  6.00E-17  5.40E-17 
3.64E-17  3.40E-17  3.20E-17  3.00E-17 
24  10.3  N  1200 

1.13E+01  1.20E+01  1.30E+01  1.40E+01 
3.00E  +  01  4.00E  +  0-1  5.00E  +  01  4.00E  +  01 
1.20E+02  1.40E+02  1.40E+02  1.80E+02 
2.80E+02  3.00E+02 

1.25E-17  7.50E-17  l.lSE-14  1.38E-16 
2.55E-16  2.45E-14  2.25E-14  2.03E-14 
1.44E-14  1.31E-16  1.21E-14  1.13E-16 
8.15E-17  7.75E-17 

17  10.0  N  1243 

1.30E+01  1.40E+01  1.50E+01  1.40E+01 
2.50E+01  3.00E+01  4.00E+01  5.00E+01 
1 .OOE+02 

5.50E-19  2.48E-18  4.57E-1S  5.06E-18 
4.13E-18  3.58E-1S  2.9-’E-18  2.68E-18 
1 .74E-18 

18  8.3  N  14<53 

1.20E  +  01  1.30E  +  01  1.40E  +  01  l.'jOE  +  Ol 
2.00E+01  2.50E+01  3.00E+C1  4.00E+01 
9.00E+01  l.OOE+02 

1.09E-18  4.35E-18  1.16E-17  2.29E-17 
3.15E-17  2.18E-17  1.85E-1''  1.40E-17 
l.OlE-17  9.40E-18 
18  7.1  N  1744 

1.20E+01  1.30E+01  1.40E+01  1.50E+01 
2.00E+01  2.S0Ef01  3.00Et-01  4.00E  +  01 
9.00E+01  l.OOE+02 

3.90E-19  1.56E-18  4.16E-18  8.19E-18 
1.13E-17  7.80E-18  4.43E-18  5.00E-18 
3.42E-18  3.44E-18 


l.fOE+01  1.70E+01  2.00E+01  2.10E+:: 
f.ooe+oi  4.00E  +  01  7.00E  +  01  8  'OE-i'' 
1.40E+02  1.908+02  2.00E+02  2.20E+C: 

1.76E-16  1.34E-14  1.92E-14  1,‘72E-!- 
1.14E-16  l.OOE-14  a.30E-17  8.008-1' 
4.04E-17  4.54E-17  4.20E-1''  I.^OE-l' 


1.50E+01  1.70E+01  2.00E+0i  2.f0E+01 
7.00E  +  01  S.OOE  +  01  8.00E  +  01  l.,.'E  +  0’ 
2.00E+02  2.20E+02  2.40E+02  2.60E+02 

1.55E-16  1.S8E-16  2.15E-16  2.f.:E-1.5 
1.93E-14  1.S3E-14  l.:’0E-16  1.63E-1. 
1.05E-14  ‘^.aOE-l'  9.18E-17  8.c3E-l 


1.70E+01  1,S0E  +  01  1.'^OE■^01  2  OOE  +  01 
4.00E  +  C'l  7.008+01  8.00E*01  7  OOE  +  O! 

5.38E-ie  5.40E'l?  f.fCE-lS  f. 348-1? 
:.42E-ie  2.27E-19  2.0‘E-IS  l.'^OE-lf- 


1.40E  +  01  1.'’OE  +  Ol  1.80E  +  01  i  1 

f.OOE  +  01  o.OOE  +  Ol  7..:iOE  +  01  8.''.0E.*-0J 

i.46E-17  3.43E-17  3.63E-17  3.3fE-17 
1.27E-17  1.1SE-I7  1.118-17  1.05E-17 


l.iOE+Ol  1.70E+01  1.30E+01  l.^OE+Ol 
5.00E+01  6.00E+01  7.00E+01  8.00E+01 

1.24E-17  1.30E-17  1.30E-1''  1.20E-I:’ 
4.45E-18  4,23E-13  3.'’''E-1S  3.7’'E-17 
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